Introduction
Transfer of proton from one moiety of a molecule to another moiety not only involves the exchange of charge between reactants, but it also results in transport of mass. Thus the process of proton transportation may be viewed as a realistic simple model for chemical and physical transformation [1] . The pioneering works of Weller [2] [3] [4] , Weber [5] and Förster [6, 7] have inspired physicists and chemists to study this phenomenon in detail with different perspectives [8] [9] [10] . For example the proton transfer process in methyl salicylate [2, [10] [11] [12] [13] and its related compounds such as o-hydroxybenzaldehyde [14] [15] [16] , o-hydroxyacetophenone [9, 17] , pyrrole-2-carboxylic acid [18] , 2-hydroxy 1 naphtaldehyde [19, 20] etc. have been studied in detail with appropriate attention towards potential applications in energy/data storage devices, optical switching [14, 21] , Raman filters and hard scintillation counters [22] , polymer photostabilizers [23] , conducting wires [24] etc. From these studies it is strongly established that a bifunctional organic molecule having acidic and basic groups in close proximity may undergo an excited state intramolecular proton transfer (ESIPT) [25] . This is expected, as the charge distribution in excited state is different from that in ground state. Consequently the dynamic and equilibrium properties of the excited state differ considerably from those of the ground state.
This provides an easy pathway for the transfer of charge (electron or proton) from one moiety to other. That is why charge transfer process easily takes place in excited state. This aspect of proton transfer process is discussed in several earlier works [3, 4, [26] [27] [28] . Environment also plays a crucial role in this charge transfer phenomenon.
Generally most of the studies on intramolecular proton transfer are focused on nonaqueous solutions [19] . But the photo physics of ESIPT process in aqueous solution is of more industrial interest than that in non-aqueous solvents [19] . However these studies are very complicated as the interaction of the molecule with water and other hydroxylic solvents lead to 4 many processes that do not occur in non-aqueous solutions [20] . This fact has motivated us to study the effect of hydroxylic solvent on ESIPT of PCL. The ESIPT processes take place through an intramolecular hydrogen bond, which is usually formed in a six or five member ring.
Since PCL is a heterocyclic molecule having five member ring with two moieties, it is capable of establishing an intramolecular hydrogen bond. Consequently there exists a probability of observing photo-induced intramolecular proton transfer reaction in PCL. This fact along with the potential applications of PCL in tobacco industry [28a-d] and that of proton transfer process in design of molecular wire, data storage[28e,f], fuel cell and in evolution processes in DNA[28g-i] have also motivated us to study the possibility of observing proton transfer in PCL which is a derivative of DNA base. In our previous work [29] we have shown the existence of an intramolecular hydrogen bonding between O 11 …..H 12 of formyl hydrogen and pyrrole nitrogen of PCL (scheme: 1). This had strongly indicated the possibility of proton transfer. This possibility had been supported by other observations like the calculated difference in enthalpy (H= 2.32 Kcal/mol) and that in free energy (G= 1.90 Kcal/mol) for the molecule. These results indicated that the normal form of the molecule in the ground state is moderately more stable than that in the excited state. Further, the optimized structure of PCL shows angle between C 1 -C 10 (in excited state). All these changes in bond length, inter ring bond angle etc. are consistent with the mechanism of proton transfer. This prompted us to predict the existence of intramolecular or intermolecular charge transfer in the excited state between H 12 ………O 11 . The prediction was supported by the large change in dipole moment (3.10 Debye in ground state and 3.49 Debye in 5 excited state). Further it was observed that the change in dipole moment is more in water medium and consequently possibility of intermolecular proton transfer is more in water medium.
All these theoretical and experimental (UV-VIS absorption, FTIR absorption) results obtained in our previous work [29] had only indicated the existence of intramolecular hydrogen bond and chance of intramolecular proton transfer in the excited state. But the results were not confirmative. The present work aims to confirm the earlier prediction of ours. Further, the charge transfer reaction dynamics in PCL were not studied in the earlier works and consequently no generally accepted molecular mechanism has been emerged till now. This has motivated us to theoretically establish the reaction pathways for the normal proton transfer reaction. It is attempted by characterizing the potential energy surface (PES), the geometry and energy of the stationary points (reactants (R), transition structure (TS) and product (P)). The effects of different kind of solvents on the reaction dynamics of proton transfer process in PCL is also studied in the present work and the emission spectra of PCL have been obtained in different media (e.g. Methyl cyclohexane, Methanol, water etc.). In this context we would like to note that the experimental investigations incurred in the present work have yield all the familiar signatures of proton transfer. The origins of these signatures have been explained successfully using corresponding quantum mechanical theories.
In this paper we have studied both theoretically and experimentally the excited state characteristics of PCL in different environment. The effect of environment on the dynamics proton motion and the interaromatic ring rotation are studied. In the next section we have briefly described the theoretical and experimental methods followed in the present work.
In section 3 we have discussed the experimental results of the present work and in section 4
we have provided quantum mechanical explanations of the experimental findings. Finally section 5 is dedicated to conclusions.
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Materials and Theory
Method1. The gas phase ground state geometry of PCL is fully optimized with and without symmetry constraints using TDDFT with the Becke3LYP hybrid functional, MP 2 , CCSD and HF theory with the 6-311G, 6-311G (d, p), 6-311G (2d,2p) basis sets respectively. All the basis sets are used as implemented in Gaussian 03 [30, 31] . Configuration interaction with singlets (cis) has been computed in order to optimize the first and second excited singlet state (S 1 , S 2 ) [32] . For DFT calculations the optimizations are performed with symmetry constraints. Long range effects of the solvent medium are taken into account by means of a dielectric continuum represented by the Onsager model [33, 34] . The default options for the self-consistent field (SCF) convergence and threshold limits in the optimization are used. DFT calculations are performed on the gas phase optimized geometry of the ground state (S 0 ) [35] . For CCSD methods we have included doubles and optional triples terms. Optimized geometries of PCL are used to calculate gas phase vertical excitation energies in CIS method with 6-311G basis set.
Presence of solvent introduces correlation energy which may affect the proton transfer reaction dynamics. The effect is studied in detail and the results are presented together with the structure and energy profile along with the reaction path in the gas phase and in solution. The PESs have been calculated in detail to ensure that all relevant stationary points have been located and properly characterized. The exact location of the TS is obtained by using an algorithm [36] [37] [38] in which the coordinates describing the system are separated into two sets. We have already predicted in [29] that there is a strong chance of intramolecular proton transfer between these two groups, provided the molecule is in the excited state. In the present work we have obtained the emission spectra of the molecule in different media (e.g. methyl cyclohexane, methanol, water etc.). We have tested both the hydrocarbon and hydroxyl medium. In the hydrocarbon medium the molecule is free to move as hydrocarbon medium is nonpolar in nature so it will not interact with molecule directly. In hydroxyl medium there may be influence of external hydrogen bonding [39] . By exciting the molecule at 288 nm in MCH we have obtained a single strong wide band at ~366 nm (figure-2).
By exciting the same sample at 245 nm the band is observed at the same position but with lower intensity. But in methanol, exciting the molecule at 288 nm we have observed dual fluorescence with a sharp band at ~ 322 nm and a weak band at ~380 nm (figure-3). Exciting the PCL at 245 nm, a dual fluorescence is observed with a strong band at ~ 380 nm and a weak band at ~322
nm. Since MCH is a nonpolar medium so there is no chance of any environmental effect. Most 8 of the PCL molecules in MCH may remain in the cis (E) conformeric form since the interaction between N 5 -H 12 and C 10 -O 11 in this medium is strong [29] . This leads to a high probability of intramolecular proton transfer in MCH solvent. In MCH this large Stokes shifted (~8000 cm Its ideal value is unity which is obtained when all the molecules are transferred to the higher energy state from its ground state. Higher value of f corresponds to larger formation of Z*.
Larger formation of Z* gives larger emission intensity which corresponds to high quantum yield. Therefore, it is confirmed that on excitation PCL attains a delocalized excited state (E*), which then relaxes to the proton transferred configuration with the transfer of a proton from -NH group to -CHO group and forms the zwitterions (Z*). An DFT calculation yields energies The balanced measure of the extent of bond formation or bond breaking along the reaction pathway is provided by the concept of bond order (BO). This theoretical tool has been used to extensively study the molecular mechanism of chemical reaction [40, 41] . The Wiberg bond indices [42] have been computed by using the natural bond orbital [43] analysis, which gives the nature of decomposition process. The progress of the chemical process at transition structure was evaluated through the following expression:
where E and Z* represent possible reactants/intermediates and intermediates/products, linked along a particular reaction pathway: E  TS  Z*. Scheme: 3 shows the different state of the molecular system during the transition from E to Z*. Calculated percentage of evolution at TS It is observed that two minima occur in two sides of the transition structure (figure-10).
According to theory if stable reactant form (Z) transfers to another stable product form (A) then there must exist a transition structure (TS) between these two stable structures. Energetically TS should remain at higher energy level than that of reactant and product energy levels. So TS should have higher energy value with two minima on both side of it. Experimentally we got the existence of two bands Z* and A* in water. We predicted the reason for these bands are due to zwitterionic form (Z*) and anionic form (A*).
Conclusions
Since PCL is a heterocyclic bifunctional organic molecule with two moieties present in proximity, it is easy to identify PCL as a molecule which may show proton transfer reaction. Motivated by this fact we had studied the possibility of proton transfer in PCL in an earlier study [29] which had provided us some elementary signatures of proton transfer in excited state of PCL through change in dipole moment, change in bond length, change in Gibb's energy, change in bond angles etc. But none of these signatures were confirmative.
Present study has confirmed the proton transfer reaction process with the help of steady state emission spectra and other observations. Further the effect of environment on the proton transfer process is studied. The study has established that PCL forms different emitting species in different media. A large Stokes shifted emission band, which is attributed to species undergoing excited state intramolecular proton transfer, is observed in hydrocarbon solvent.
On the other hand, intermolecular proton transfer is observed in hydroxylic polar solvent. A transition state is also reported in gas phase and reaction filed calculation. Experimental observations (UV-VIS absorption spectroscopy, fluorescence spectroscopy) and the computational analysis conducted in the present study and FTIR data in our previous study [29] Reaction Coordinate
